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(57) A paste-like ink is prepared by dissolving canv 
phor in an alcoholic solvent and dispersing fine cartx>n 
particles with a catalyst carried thereon In the solvent 
(step S100). A sheet-like elecEode-forrrting member is 
formed on an electrolyte membrane by screen printing 
the paste-like Ink thus obtained (step S102). The elec- 
trode-forming member is dried at BO^'C for one hour, in 
order to deposit camphor included in Vtre electrode- 
forming memt)er as a pore-forming ^ent (step SI 04). 
The electrode-forming member and the electrolyte 
membrane are joined with each other by hot pressing 
(step SI 06). The joint body of the electrode-forming 
. memt>er and the electrolyte memtxane is dried under 
vacuum at SO^'C for three hours. In order to sublimate 
and rerrme camphor depositing in the electrode4orn>- 
ing mernt>er (step SI 08). This gives an electrk%-gen- 
erating layer that is a joint body of an electrode having a 
plurality of pores and the electrolyte membrane. The 
manufacturing process of the invention thus gives a joint 
body of an electrode havir>g sufficient gas permeability 
and electrical conductivity and an electrolyte mem- 
brana 
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Description 

BACKGROUND OF THE INVENTION 

1 . Reld Of the Invention s 

The present invention relates to a method of maru- 
facturing an electrode or an electrode-electrolyte m&n- 
brane joint body for a fuel ceO as well as to an electrode 
for a fuel cell. More specifically, the present inverrtion 10 
pertains to a mettKxj of manufacturing an electrode for 
a fuel cell, which has a plurality of pores and includes 
cartx}n particles with a catalyst canied thereon, to a 
method of manufacturing an electrode-electrolyte menv 
brane joint body for a fuel cell, whidi is obtained by join- is 
Ing such an electrode with an electrolyte membrane 
composed of a polymer electrolyte, and to such an elec- 
trode for a fuel ceO. 

2. Description of the Prior Art 20 

In fuel cells, such as polymer electrolyte fuel cells, 
supplies of a gaseous fuel containing hydrogen and an 
oxidizing gas containing oxygen are fed respectively to 
two electrodes (fuel electrode arxi oxygen electrode) 2s 
which are anariged across an electrolyte membrane, so 
that reactions expressed as formulae (1) and (2) given 
below occur to directly convert the chemical energy to 
electrical energy: 

Anode reaction (fuel electrode): . 30 

H2-^2hr+2e- (I)-'- 
Cathode reaction (oxygen electrode): 

3S 

2H* + 2e- + (1/2)02 ^ HgO (2) 

In order to enable these reactions to proceed in a 
continuous arxi smooth manner, the fuel electrode 
requires continuous supplies of water and a gaseous 40 
fuel that allow the generated hydrogen ions to t>e 
smoothly drffused into the electrolyte membrane by 
hydration, while the oxygen electrode rec^ires a contin- 
uoi^ supply of an oxidizing gas as well as quick removal 
of generated water. Close contact of the electrolyte 4s 
membrane with both the electrodes is firther required 
to yield a fuel cell having a small contact resistance arvJ 
a high effidency. 

Several mettKXIs have k>een proposed to manufac- 
ture a joint body of an electrode arvl an electrolyte so 
membrane wtvch satisfies the requirements discussed 
above (for example. JAPANESE PATENT L^YING- 
OPEN GAZETTE No 6-203852). In accordance Mrrtti a 
concrete procedure of the conventional method, a 
sheet-like electrode-forming member Is prepared by ss 
mixing powder of a metal, such as zinc, alumirujm. or 
chromium, or a metal salt (particle diameter: 20 pm) 
with cartxm particles having a catalyst carried thereon. 
After the electrode-forming member thus ok>tained is 
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joined with a polymer electrolyte membrane, the elec- 
trode-forming member is soaked in a highly addk; aque- 
ous solution, so that the metal or metal salt included in 
the electrode-fommng member is cfissolved and 
removed. This gives a joirrt body of an electrode having 
pores therein and an electrolyte membrane. 

The conventional method of manufacturing a joint 
body of an electrode arxJ an electrolyte m&vbrane dis- 
cussed atx>ve. however, has a problem, that is. metal 
ions dssolved in a highly acidic ^ueous solution dete- 
riorate the performance of the electrolyte membrane. 
The powdery metal or metal salt included in the dec- 
trode-forming member as the pore-forming agent is 
expected to be dissolved in a highly acidic aqueoi^ 
solution and thereby removed. Even a very small quan- 
tity of m^ ions remaining in the electrolyte membrane, 
however, oomtxne to fiKictional groups in the electrolyte 
membrane and thus drastically deteriorate the perfomn- 
ance of the electrolyte membrane. 

Another problem ar^ng in the conventfonal method 
of manufacturing a joint body of an electrode and an 
electrolyte membrane Is tfiat the powdery metal or 
metal salt irvduded in the electrode-forming member as 
the pore-forming agent Is locked in the electrode and 
may thus not be dissolved in a highly acidic aqueous 
solution. When the pore-forming agent is locked inside 
the electrode, the resulting electrode does not have a 
suff iderrt numt>er or size of pores. This results in insuffi- 
dent permeation of a gaseous fuel or an oxidizing gas 
and insufficient supply and removal of water, theret>y 
towering the p^formance of the electrode. 

SUMMARY OF THE INVENTION 

One object of the present invention is thus to pro- 
vide a method of manufacturing an electrode for a fuel 
cell that has sufficient gas permeat)ility arvi electrical 
conductivity. 

At least part of the atxrve objects is realized t>y a 
first method of the present invention for manufacturing 
an electrode for a fuel cell. The first method of manufac- 
turing an electrode for a fuel cell, the electrode having a 
plurality of pores and comprising carbon particles with a 
catalyst carried thereon, the first method comprising the 
steps of: (a) preparing an etectrode-fonm'ng member 
comprising the cartx)n particles and a por&toming 
agent tfiat can be sublimed; and (b) sut)liming the pore- 
forming agent by setting the electrode-forming member 
under a predetermined condition. 

The first method of the present invention for manu- 
facturing an electrode for a fuel cell gives an electrode 
having a plurality of pores arxl sufficient gas permeabil- 
ity and electrical conductivity. The electrode-forming 
member is placed under a predetermined concfition with 
a view to sut)limating the pore-forming agent This effec- 
tively prevents metals ions from remaining and lowering 
the performance of the electrolyte membrane and the 
pore-forming agent from being locked inside the elec- 
trode. 
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In accordance with one aspect of the present inven- 
tion, the step (a) of the first method further comprises 
the steps of: (a1) dissolving the pore-forming agent into 
a sotvent that allows dissolution of the pore-forming 
agent and dispersing the caftx>n particles in the solvent 5 
so as to prepare a solution for forming a paste-iike elec- 
trode; (a2) forming the solution prepared in the step (a1) 
into a predetennined shape off the ^ectrode-fbrming 
member; and (a3) depositing the pore-forming agent 
dissolved in the solution formed into the predetermined 10 
shape in the step (a2). This structure enalsles the pore- 
forming agent to be uniformly present in the electrode- 
forming member, thereby aDowing pores to be unifbrmly 
formed in the electrode. This further improves the per- 
formance of the electrode. The pore-forming agent gen- 15 
erally deposits to have a needle-like or plate-like shape, 
wtiich does not cause a space greater than that 
recfuired for permeatk>n of a gas In the electrode. In 
accordance with one aspect of this structure, the step. 
(a3) further compr^ the step of drying the solution 20 
formed into the predetermined shape, so as to make 
concentration of tfie pore-forming agent in the solution 
equal to or higher than its soli^lrty, theret>y alkswing 
deposition of the pore-fbrming agent In aocordarx^e 
withanotheraspectof this ^cture, the steps (a1) and; 25 
(a2) are carried out at a predetermined temperature that 
allows sdut)ility of the pore^orming agent in the solvent 
to t>e equal to or higher tfmn a predetermined level. The 
solubility of the pore-forming agent in the solvent can t>e 
set to a desired level. The porosity of the electrode (that 30 
Is. the ratio of pores) can thus t>e freely controlled by- 
adjusting the amount of the pore^ming agent dis- 
solved in the solvent 

The present invention is also directed to a second 
m^fxxJ of the present invention for manufacturing an 35 
electrode for a fuel cell. The second method of manu- 
facturing an ^ectrode for a fuel cell, the electrode hav- 
ing a plurality of pores and comprising cartx)n particles 
with a catalyst carried thereon, the metfiod comprising 
the steps of: (a) dispersing the cartxm particles in a sol- 40 
vent that can t>e freeze-dried, so as to prepare a solu- 
tion for forming a paste-like electrode; (b) forming the 
solution prepared in the step (a) into a predetermined 
shape of the electrode; and (c) freeze-drying the solvent 
of the solution formed into the predetermined shape in 4s 
the step (b) urxier a specified condition. 

The second method of the present invention for 
manufacturing an electrode for a fuel cell gives an elec- 
trode having a plurality of pores and sufficient gas per- 
meabOrty and electrical conductivity The plurality of so 
pores are formed in the electrode by freeze^rying the 
solvem. This method aocoidingly does not require any 
spedftc pore-fbrmirtg agent This effectively prevents 
metals ions from remaining and lowering the perform- 
ance of the electrolyte membrane arxi the pore-fomriing 55 
agent from being locked inside the electrode. 

Other objects of the present inverrtion are to enable 
an electrolyte membrane to maintain its high perfornv 
ance and to provide an efficient method of manufactur- 



ing a joint body of an electrode arvJ such an electrolyte 
membrane. 

At least part of the otsjects is realized by a first 
method of the present inverrtion for manufacturing an 
electrode-electrolyte membrane joint body for a fuel 
cell. The first method of manufacturing an electrode- 
electrolyte membrane joint body for a fuel cell, the elec- 
trode-electrolyte membrane joint body t>eing obtained 
t>y joining an electrode having a plurality of pores and 
comprising cartxxi partk^les with a catalyst cam'ed ther- 
eon with an electrolyte mefTt)rane mainly composed of 
a polymer electrolyte, the method compr^ing the steps 
of: (a) preparing an electrode-forming memt)er compris- 
ing the cartxxi particles and a pore-forming agent that 
sublimes under a specified condition; (b) joining the 
electrode-forming merrber prepared in the step (a) with 
the electrolyte membrane under a certain condition 
other than the specified condition to yield a joint txxiy; 
and (c) 8ut3liming the pore-forming agent by setting the 
joint body of the electrode-forming member arxi the 
electrolyte membrane under the specified condition. 

The first method of the present inv^on for manu- 
facturing an electrode-electrolyte membrane joint body 
for a fuel cell gives a joint body of an electrolyte mem- 
brane and an electrode having a plurality of pores arxl 
sufficient gas permeatxiity arxJ electrical conductivity 
The electrode-forming memk>er and the electrolyte 
membrane are joined with each other prior to the sut3G- 
mation of the pore-forming agent so tfiat the pores 
formed in the electrode are not destroyed by the joining 
process. The joint body of the electrode-forming mem- 
ber and the electrolyte memtxane is placed under a pre- 
determined condition with a view to 8ut)limating the 
pore-forming agent This effectively prevents metals 
ions from remaining and Icwering the performance of 
the electrolyte memtxane arxf the pore-fbrming agent 
from being locked inside the electroda 

In accondarKe with one aspect of the first method 
for maruifacturing an electrode-electrolyte membrane 
joint body, the step (a) further comprises the steps of: 
(a1) dssolving the pore-forming agent into a solvent 
that allows dissolution of the pore-forming agerrt and 
dispersing the cartxxi particles in the solvent so as to 
prepare a solution for forming a paste-like electrode; 
(a2) forming the solution prepared in the step (a1) into a 
predetermined shape of the electrode-fbrming merrber; 
and (a3) depositing the pore-forming agent dissolved in 
the solution formed into the predetermined shape in the 
step (a2). Ths structure enat)les the pore-forming agent 
to t>e uniformly present in the electrode-forming mem- 
t>er. thereby albwing pores to t>e uniformly formed in the 
electrod& This further improves the performance of the 
electroda The pore-forming agent generally deposits to 
have a needle-like or plate-like shape, which does not 
cause a space greater than tfiat required for permeation 
of a gas in the electrode. 

In accordance with one aspect of this structure, ttie 
step (a3) furttier conprises the step of drying the solu- 
tion formed into the predetemrined shape, so as to 
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conductivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Rg. 1 is a flowchart showing a typical routine of 
manufacturing an electricity-generating layer 10 
that is a joint body of an electrolyte membrane 12 
and a catalyst electrode 14 and embodies the 
present invention; 
10 Rg. 2 schematically Oiustrates structure of the elec- 
tricity-generating layer 10 manufactured according 
to the routine of Rg. 1 ; 

Rg. 3 schematically fllustrates structure of a fuel 
cell 15 including the electricity-generating layer 10 
75 of the embocfiment; 

Rg. 4 is a graph showing the relationship between 
the cun-ent density and the output voltage in the fuel 
cell 15 of the embodiment and conventional fuel 
cells; ^ 

20 Rg. 5 is an enlarged view schematically Qlustrating 
structure of an electricity-generating layer included 
in a conventional fuel cell; 
Rg. 6 is a flowcfiart shewing a typical routine of 
manufacturing an electridty-generating layer 50 
25 that is a joint body of an electrolyte memtrane 52 
and a catalyst electrode 54 as a second emtxxii- 
ment according to the present invention; 
Rg. 7 schematically niu^rates structure of the elec- 
tricity-generating layer 50 manufactured according 
30 totheroutineof Rg. 6;and 

Rg. 8 shews structure of a pore 8 formed in the cat- 
alyst electrode 54 of the secorxJ emtxxiiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
35 MENTS 



make concentration of the pore-forming agent in the 
solution equal to or higher ttian its solU>Oity, thereby 
allming deposition of the pore-forming agerrt In 
accordance with another aspect of tftis structure, the 
steps (a1) and (a2) are carried out at a predetemriined 
temperature tfiat allows solutxlity of the pore-formir)g 
agent in the solvent to be equal to or higher than a pre- 
determined level. The solubility of the pore-forming 
agent in the solvent can be set to a desired level. The 
porosity of the electrode can thus be freely controlled by 
adjusting the anrxxint of the pore-forming agent dis- 
solved in the solvent 

The present invention is further directed to a sec- 
ond metiiod of manufacturing an electrode-elecfcrolyte 
memtyane joint body for a fuel cell. The second method 
of manufacturing an electrode-electrolyte mentMBne 
joint body for a fuel cell, the electrode-electrolyte mem- 
brane joint body t>eing obtained t>y joining an electrode 
having a plurality of pores and coirpr^ing caitxHi parti- 
cles with a catalyst carried thereon with an electrolyte 
membrane mainly composed of a polymer electrolyte, 
the method comprising the steps of: (a) (fispersing the 
cartxHi particles in a solvent tfmt can be freeze-dried. so 
as to prepare a solution for forming a paste-Gke elec- 
trode; (b) forming the solution prepared in the step (a) 
into a predetermined shape of the electrode on the elec- 
trolyte merTi)rane; and (c) freeze-drying the solvent by 
setting the solution formed into the predetermined 
shape in the step (b) under a specitied condition. 

The second method of tiie present invention for 
manufacturing an electrode-electrolyte merTt>rane joint 
body for a fuel cell gives a joint body of an electrolyte 
membrane and an electrode having a plurality of pores 
and sufficient gas permeability and electrical conductiv- 
rty. The plurality of pores are formed in the electrode by 
freez&drying the solvent. This metfxxf accorcfingly 
does not require any specific pore-fbrming agent This 
effectively prevents metals ior^ from remaining and low- 
ering the performance of the electrolyte membrane and 
the pore-fbmriing agent from t>eing locked inskie the 40 
electrode. 

Still another object of the present invention Is to 
provkfe an electrode for a fuel cell that has sufficient gas 
permeability and electrical conductivity. 

At least part of the above objects is realized by an 4S 
electrode for a fuel cell. The electrode of the present 
invention comprising cartxxi particles with a catalyst 
carried thereon arxJ a space of tfiree-dimensional diver- 
sified structure tfiat is made of a plurality of pores hav- 
ing various cfianf>eters. 5o 

The electrode of the present invention has a space 
of tftreeKiimensional diversified structure that is made 
of a plurality of pores having various diameters. This 
structure irrproves the gas permeability and electrical 
conductivity. ss 

In accordance with one aspect of the present inven- 
tion, the pores formed in the electrode have diameters 
ranging from 0.02 to 0.3 jim. The pores of small diame- 
ters further irrprove the gas permeability and electrical 



The following descr3>es best nxxies of carrying out 
the present invention as preferred emtxxiiments. Rg. 1 
is a flowchart showing a typical routine of manufacturing 
an electricity-generating layer 10 that is a joint body of 
an electrolyte memtxane 12 and a catalyst electrode 14 
and embodies the present invention. Rg. 2 schemati- 
cally illustrates structure of the electricity-generating 
layer 10 manufactured according to the routine of Rg. 1 . 
The conaete steps of manufacturing the electridty-gen- 
erating layer 1 0 win be descrl>ed first based on the f kiw- 
chartof Rg. 1. 

When the program enters the maruifocturing rou- 
tine of the electridty-generating layer 10, ajaste-like 
ink is prepared first at step SI 00 by dissolving a pore- 
fbrming agent F or a sut)liming substance that sublimes 
under a predeterrrined condition in a solvent, simulta- 
neously with dispersing catalyst-carrying cartxxi C in 
the solvem. In this embedment a paste-tike ink was 
prepared by mixing 1 g of the catalyst-carrying carbon C 
(mean partide (fiameter: approximately 20 nm) that car- 
ries 20 percent by weight of fine partides (mean partide 
diameter: approodmatety 1 nm) of platinum or an alloy of 
platinum and another metal as a catalyst P with 3 ml of 
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5 percent by weight of an electrolytic solution N (for 
exanple, Naphion Solution t>y AUrich Chemical Corp.). 
5 nil of an alcoholic solvent (such as ethand or isopro- 
pyl alcohol), and 2 g of carrphor as the pore-forming 
agent F, sri6 applying ultrasonic waves so as to make 
camphor completely d^solved into the solvent and the 
catatyst-canTing caitx>n C homogeneously cfispersed. 
The amount of addition of the pore-fonrning agent F 
depends upon its solubility into the solvent as weD as 
the strer^, gas permeability, and electrical conductiv- 
ity of the catalyst electrode 1 4 of the electrioty-generat- 
Ing layer 10 manufactured. In this OTtodiment 
ultrasonic waves having the frequerx:y of 30 to 50 kHz 
and emitted by a commercially available ultrasonic 
cleaner were applied for the dissolution arxl dispersion. 

At sutisequent step SI 02, a sheet-Gke electrode- 
forming member is formed on the electrolyte merTt)rane 
1 2 by screen printing the paste-like ink thus obtained. In 
aaxjrdance with a concrete procedure, the paste-^ike 
ink was saeen printed on the electrolyte membrane 1 2, 
so that a sheet-like electrode-tbrming member of 5 to 
500 ^m thick or more preferably of 10 to 300 ^ thick 
(100 ^m thick in this embodiment) was formed on the 
electrolyte membrane 12. The electrolyte membrane 12 
w^ an iorvexchange memt)rane of 25 to 200 ^m thick 
or more preferably of 50 to 150 pm thick that was mainly 
composed of a fluororesin. For exanple, a perfluorocar- 
bon sulfonate polymer membrane, such as one conv 
merdally available under the trade name of *NapNon* 
mariuliactured by du Pont, was applied for the electrolyte 
membrane 12. 

.J The pore-forming agent F included in the sheet-like 
electrode-forming meml^er and cfissolved in Ihs solvent 
is 'separated out at step SI 04. The deposition of the 
pore-forming agent F is implemerrted by evaporating the 
solvent so as to make the concentration of the pore- 
forming agent F in the solvent equal to or greater than 
its solubility, or alternatively by varying the temperature 
of the electrode-forming member so as to vary the solu- 
bility of the pore-forming agent F in the solvent The 
number and size of crystals of the depositing pore^ornv 
ing agent F are varied with a change rate of the state of 
the solvent (such as evaporation of the solvent or a var- 
iation in temperature). The change rate of the state of 
the solvent is determined according to the gas permea- 
bility and electrical conductivity of the catalyst electrode 
14 manufactured. A slew change of the state of the sol- 
vent resuHs in depositing a less number of but relatively 
large crystals, whereas an atmjpt change gives a large 
nurTt>er of small crystals. The size of pores S formed in 
the catalyst electrode 14 acoorc£ngly adjusted by reg- 
ulating the change rate of the state of the solvent. In this 
embodiment, ttie electrode-forming member was dried 
at ordinary temperature for two hours with a view to 
evaporating the alcoholic solvent, so ttiat campha used 
as the pore-forming agent F was deposited in tiie elec- 
trode-forming member. The depositing pore-forming 
agent F generally has a needle-like or plate-like shapa 

After the deposition of ttie pore-forming agent F. the 



electrolyte membrane 12 is joined with the electrode- 
forming memt)er at step SI 06. The hot pressing proc- 
ess including heating and pressurizing steps is gener- 
ally appGed to join the electrolyte membrane 1 2 with the 

5 electrode-forming member. The terrperature and the 
pressure in the hot pressing process should be deter- 
mined in order to enable the pore-forming agent F to be 
stable and maintain the solid state. In this embodiment, 
the electrolyte nr>embrane 12 was joined with the elec- 

10 trode-fbrming member by pressing them five minutes 
under the conditions of 125°C and 5 MPsa, which enable 
camphor to t>e stable and mairrtain the solid state. 

The joint body of the electrolyte meirtnane 12 and 
the electrode-forming member Is held under a predeter- 

15 mined condition, so as to sutslimate the pore-forming 
agent F at step SI 08. Ths completes the production of 
the electricity-generating layer 10 including the elec- 
trode-forming member as the catalyst electrode 1 4 hav- 
ing a plurality of pores S.*tThe predetermined condition 

20 should sublimate the pore-forming agent F. while not 
causing physk^al or chemical variations in the other con- 
stituents of the electrode-fonming m&nber or the elec- 
trolyte ment>rane 12. In ttiis embodiment, the joint body 
of the electrolyte membrane 12 and the electrode-form- 

25 ing member was dried ur>der vacuum for tfiree hours at 
the tenperature of SO^'C, which are the concfitions of 
sublimating carrphor while not varying the electrolyte 
membrane 12 and the other constituents. This process 
thoroughly sublimated and removed camphor, which 

30 was used as the pore-forming agent F, from the elec- 
trode-forming member art& completed the production of 
the electricity-generating layer 10. The electricity-gener- 
ating layer 10 thus manufactured is a joint body of the 
catalyst electrode 14 having a plurality of needle-like or 

35 plate-like paes S and the electrolyte membrane 12 hav- 
ing the favorable performance sii>stantially unchanged. 

The foDowing describes a fud cell 1 5 prepared from 
the electricity-generating layer 10 ntanufactured in the 
above manner. Rg. 3 schematically illustrates structure 

40 of the foel cell 15 indudng the electricity-generating 
layer 1 0 of the embodiment. Referring to Fig. 3, the fuel 
cell 15 includes the electricity-generating layer 10 that is 
manufactured according to the atxve routine and repre- 
sents the joint body of one electrolyte n^embrane 1 2 and 

45 two catalyst electrodes 14, two gas diffusion electrodes 
16 arranged across the electricity-generating layer 10, 
and two current-collecting electrodes 20, each of which 
is disposed opposite to the electricity-generating layer 
10 aaoss the gas diffusion electrode 16. 

50 The two gas difhision electrodes 1 6 are practically 
made of cartx)n ckrth, which is woven of yams including 
cartx>n ffoers coated with polytetrafluoroethylene and 
non-treated cartx)n fbers at the ratio of 1 to 1. The 
water repellency of polytetrafluoroethylene coating the 

55 cartx>n fbers effectively prevents the whole surface of 
tiie gas diffusion electrode 16 from being covered with 
water, so that the gas diffusion electrode 16 has favora- 
ble gas penmeM>ility. 

The current-collecting electrodes 20 are mainly 
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made of dense casbon which is prepared by oompress- 
Ing caibon and has gas impermeabilrty. A plurality of 
ribs 22 arranged in parallel are formed on one surface of 
each current-collecting electrode 20 that s in contact 
with the gas diffusion electrode 16. The ri>s 22 and the 5 
gas cfiffusion electrodes 16 define a plurality of flow 
paths 24 for an oxidizing gas (such as the air) containing 
oxygen arxi for a gaseous fuel (such as a metfmnol- 
reforming gas) containing hydrogen. 

In the fuel cell 15 thus constructed, suppGes of a 
gaseous fuel and an oxidizing gas into the flow paths 24 
that are defined by the two gas diffusion electrodes 16 
and the current-collecting electrodes 20 arranged 
across the electricity-generating layer 10 and the gas 
diffi^on electrodes 16 are fed to the two catalyst elec- 
trodes 14 which are disposed across the electrolyte 
membrane 1 2. The electrochemical reactions 
expressed as the reaction formulae (1) and (2) dis- 
cussed above^accordingty proceed to directly convert 
the chemical energy to electrical energy. 

The performance of the fuel cell 15 of the embodi- 
ment constructed in the above manner is compared with 
those of converitional fuel cells. Rg. 4 is a graph show- 
ing the relationship between the current density and the 
output voltag&in the fuel cell 1 5 of the enrtxxfiment and 
conventional fuel cells. Rg. 5 schematically Olustrates 
structure of a. catalyst electrode included in a conven- 
tional fuel cell. In the graph of Rg. 4, a curve A repre- 
sents the relatiortship between the current density arxJ 
the voltage in .the fuel cell 15 including the electricity- 
generating layer 10 of the embodimerrt. a curve E the 
relationship between the current density and tiie voltage 
in one conventional fuel cell including an electricity-gen- 
erating layer that is prepared by joining a pore-free cat- 
alyst electrode (not shown) with an electrolyte 
memtxane (hereinafter referred to as Reference 1), and 
a curve F the relationship between tfie current density 
and the voltage in another conventional fuel cell irK^lud- 
ing an electricity-generating layer 10F (see Rg. 5) tfiat \s 
prepared by joining the electrolyte membrane 12 with a 
catalyst electrode 14F having pores SF formed by a 
granular pore-forming agent of a metal salt (hereinafter 
refened to as Reference 2). The other curves B through 
D will be discussed later. 

Although not being illustrated, the catalyst elec- 
trode of the electricity^enerating layer included in Ref- 
erence 1 does not have any pores txit includes catalyst- 
carrying cartx)n C in a densely packed corxiition. Com- 
pared with the catalyst electrode 14 of the electricity- 
generating layer 10 included in the fuel cell 15 of the 
embodiment, the catalyst electrode of Reference 1 has 
lower gas permeability and higher electrical conductiv- 
ity. The graph of Rg. 4 deariy shows the comparison of 
performance between Reference 1 and the fuel ceO 15 
of the enrtxxliment. Both fuel cells have comparable 
performances in a range of low current density that has 
little effect of the gas permeability but relatively severe 
effect of the electrical condijctivity of the catalyst elec- 
troda In a range of high current density that is signifi- 



cantiy affected by the gas permeabHity. on the other 
hand, the fuel cell 15ofthe embodiment has remarkat)ly 
t>etter performance ttian that of Reference 1. 

The catalyst electrode 14F of the electricrty-gener- 
ating layer 10F included in Reference 2 is prepared by 
mixing 1 g of catalyst-carrying cartx)n C with 500 mg of 
calcium cart)onate powder (mean particle diameter: 1 
(im) to yield an electrode-forming memt>er. joining the 
electrode-forming member with the electrolyte mem- 
brane 1 2 under the conditions identical with those of the 
errtxxliment and eluting calcium cartxxiate included in 
the electrode-forming memt)er with a highly acidic 
aqueous solution. Since granular caldum cartxyiate is 
i^ed as the pore-forming agent the pores SF ex^ng in 
the catalyst electrode 14F are formed by connecting 
sut>stantial}y spherical voids of 1 pm in mean diameter 
witti one anottier via connection holes of smaller diame- 
ter as shown in Rg. 5. The gas permeability of the cata- 
ty^ electrode generally depends upon the diameter of 
pores. The gas penmeat>ility of the catalyst electrode 
14F accordingly deperxte ipon the diameter of ttie con- 
nection holes tfiat connect the voids witti one anottier. In 
order to ensure the sufficient gas pormeabilityp a space 
greater than tfiat ^^jally required should be formed 
inside the catalyst electrode 14F. This undesirably nar^ 
rows ttte conductive area of the catalyst electrode 14F 
to lower its electrical conductivity and makes the cata- 
lyst electrode 14F relatively brittie. The pores S existing 
in the catalyst electrode 14 of the fuel cell 15 of the 
embodiment are. on the other hand, fdf med by deposi- 
tion of the pore-forming agent F arxi, have a needle-like 
or plate-like sfiape. No space greateiUhan tfiat actually 
required is thus formed for the sufficient gas permeabil- 
ity. This means that the pores S have sufficient perform- 
ance for permeation of the gas. As shown in Rg. 4. 
altiiough Reference 2 has better performance than Ref- 
erence 1 in the range of hig^ current density having the 
severer effect of ttie gas permeat>ility. it does not at all 
reach the performance level of the fuel cell 15 of the 
enrtediment 

The above discussion dearty proves tfiat the differ- 
ence in performance between the fuel cell 15 of the 
embodiment and References 1 arxj 2 is ascrd^ed to the 
difference in performance of tfie electricity-generating 
layer 10 or more spedfically the catalyst electrode 1 4 of 
ttiefuelcell 15. 

As discussed atx]ve, the manufacturing process of 
the embodiment gives the electricity-generating layer 1 0 
that is the joint body of the catalyst electrode having the 
sufficient gas permeability and electrical conductivity 
and the electrolyte membrane having the favorat)le per- 
formance substantially unchanged. Depositfon of ttie 
pae-forming ^ent F dissolved in the solvent enables 
uniform pores S of neede-like or plate-like shape to be 
formed in the catalyst electrode 14. After ttie deposition 
of the pore-forming agent F. the electrolyte membrane 
12 and the electrode-forming member are joined witti 
each ether under the conditions that keep the pore- 
forming agent F stable and in the solid state. This fur- 
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ther decreases the contact resistance of the electrolyte 
membrane 12 against the cataly^ electrode 14. The 
pores S are then formed by subGmating arxi removing 
the pore-forming agent F from the electrode-forming 
member. This effectively prevents deterioration of the 5 
performance of the ^ectrotyte membrane 12 due to 
metal ions, wNch are generated in the conventional 
process using a pore-forming agerrt composed of a 
metal or metal salt. This allows the performance of the 
electrolyte membrane 12 to be favorat)ty kept at a high 
level. 

Although camphor is used as the pore-forming 
agent F in the manufacturing process of the entxxii- 
ment discussed atxyve, any other chemicals that can be 
dissolved in a solvent and have lower vapor pressures 
than that of the solvent may also t>e applicaUa Exam- 
ples of applicable chemicals include naphthalene, a- 
naphthol, para-(ficHorobenzene, catechol, 2.5-xylenol, 
2,3-xylenol, 3,5-xyleno^, and 1.2,4,5-tetramethytt)en- 
zene. Note that the conditions of depositing the pore- 
forming agent F (step S104), the corxiitiors of joining 
the electrolyte merTt>rane 12 with the electrode-fonming 
memk}er tyy the hot pressing method (step S106), and 
the conditions of sut}limating the pore-forming agent F 
(step S108) in the manufacturing process of Fig. 1 are 
varied with the properties of the chemical selected for 
and used as the pore-forming agent F. In some chemi- 
cals used as the pore-fbrming agent F, tfiere may be no 
adequate conditions of joining the electrolyte menv 
brane 12 with the electrode-forming memt)^ t>y the hot 
pressing metfKXl (step SI 06) in the manufacturing proc- 
ess. In such cases, thei^ectrolyte membrane 12 may 
ntil be joined with the electrode-forming merrt^. Even 
in casei that the electrolyte membrane 12 is not joined 
with the electrode-forming member, the electrod&tem- 
ing memt>er is formed on the electrolyte merTt>rane 12 
by screen printing, so that the electrolyte membrane 12 
and the catalyst electrode 14 are gently connected to 
each other. A conaete exarrple usir>g naphthalene as 
the pore-forming agent F is descrfoed t>elow. 

In case that naphthalene ts used for the pore-form- 
ing agent F, the conditions of depositing the pore-form- 
ing agent F (step S104) in the manufacturing process 
are identical with those of the above errtediment using 
camphor as the pore-forming agent F. Since naphtha- 
lene readily subGmes, no adequate corvfitions can be 
found fa the process of joining the electrolyte mem- 
brane 1 2 with the electrode-forming memt)er by the hot 
pressing metfxxJ (step 8106). The electrolyte mem- 
brane 12 is accordingly not joined with the electrode- 
forming member by the hot pressing method when 
naphtfialene is selected as the pore-forming agent R 
Since naphthalene readily sid)limes. no evacuation is 
required for the sut)limation of the pore-fbrming agent F 
(step SI 08), but the electrolyte merTt>rane 12 and the 
electrode-forrrung member are dried urxler the atmos- 
pheric pressure at 80°C tor one hour. A curve B in the 
graph of Rg. 4 represents the performance (relationsfip 
between the current density and the voltage) of a fuel 



cell inducfing an electricity-generating layer manufac- 
tured with naphthalene as the pore-forming agent F, in 
place of the electricity-generating layer 10 of the atx>ve 
enrAxxfiment Refening to Rg. 4, corrpared with the fuel 
cell 15 of the emtxxiiment (curve A), the fuel cell includ- 
ing the electricity-generating layer manufactured with 
naphthalene as the pore-forming agent F shows deteri- 
orating performance due to an increase in contact 
resistanca Ths is ascrfoed to the fact that the electro- 
lyte membrane 1 2 is not joined with the electrode-form- 
ing member t>y the hot pressing method. Conpared 
with References 1 and 2, however, the fuel cell of curve 
B shows remarkably better performance in the range of 
high current density with the severer effect of the gas 
perm^ility. The manufacturing process of the electric- 
ity-generating layer can be simplified by using a chemi- 
cal that readOy sublimes under the atnxispheric 
pressure, such as naphtfialene, as the pore-faming 
agent R 

In the manufacturing process of the embodiment 
shown in Rg. 1, preparation of ink by cfissotving the 
pae-faming agent F and disposing the catalyst-carry- 
ing cartx)n C (step SI 00) and formation of the elec- 
trode-forming member on the electrolyte merTi)rane 12 
(step SI 02) are carried out at room temperatura These 
steps may, however, fc>e implemented at a predeter- 
mined temperature. The solut>ility of the pore-faming 
agent F into the solvent is significantiy affected by the 
temperature of the solvent. Adequate adjustment of the 
temperature enables a certain anx)unt of the pae-form- 
ing agent F which can not t>e dissolved at roorrvtemper- 
ature to t>e cfissolved into a predetermined amount of 
the solvent This aDows the amount of adcfition of the 
pae-faming agent F to t>6 regulated in a wider range, 
thereby enat)ling the porosity of the catalyst electrode 
14 included in the electricity-generating layer 10 manu- 
factured to be freely controlled. By way of exarrple, the 
regulated temperature of GO'^C allows 6 g of carrpha 
(pore-foming agent F) which can not be d^solved at 
room temperature to be dissolved in 5 ml of the solvent 
discussed atxTva In this case, a greata anrxHint of the 
pae-fbrming agent F deposits, so that ttie joint body of 
the electrolyte merTt)rane 12 and the electrode-faming 
member is dried at 80°C for five hours (step SI 08) in 
order to ensure corrplete sublimation of the pore-form- 
ing agent F. 

A curve C in the graph of Rg. 4 represents the per- 
formance (relationship t>etween tfie current density and 
the voltage) of a fuel cell including an electricity-gener- 
ating layer thus manufactured, in place of the electricity- 
generating layer 1 0 of the abwe embodiment Referring 
to Rg. 4. corrpared with the fuel cell 15 of the embodi- 
ment (curve A), the fuel ceD including the electricity- 
generating layer manufactured t>y dissolving 6 g of cam- 
phor as the pae-faming agent F shows some improve- 
ment in performance The solubility of the pae-faming 
agent F into the sotverrt can t>e varied by adjusting the 
terrperature conditions adopted for tfie preparation of 
ink by dissolving the pore-fbrming agent F and dispers- 
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ing the catalyst-carrying cartxxi C (step SI 00} and the 
formation of the electrode-fbrnrvng mennt>er on the elec- 
trolyte membrane 12 (step SI 02) in the manufacturing 
process. The anvxint of addition of the pore-fbrming 
agent F can thus be set freely in the range of solubility. 
This enables the porosity of the catalyst electrode 14 
included in the electricity-generating layer 10 thus nrian- 
ufactured to be controlled arbitrarily. 

In the manufacturing process of the embodiment 
shown in Rg. 1, the sheet-like electrode-forming tn&ry 
ber is formed on the electrolyte membrane 12 at step 

51 02. [n accordance with an alternative procedure, the 
electrode-forming member may not be fornr^ on the 
electrolyte merTt>rane 12. An electrode-forming menv 
ber is formed on a flat and peelable suk)stance, and the 
solvent included In the electrode-forming member is 
evaporated to allow deposition of the pore-forming 
agent F. Production of a catalyst electrode is then com- 
pleted by sut)limating the depositing pore-forming agent 
R In this case, the above steps are not included in the 
manufacturing process of the electricity-generating 
layer but constitute the manufacturing process of the 
catalyst electroda The modified nnanufacturing process 
of the electricity-generating layer, wherein the prepara- 
tion of ink by dissolving the pore-forming agent F and 
dispersing the catalyst-carrying cartx>n C (step SI 00) 
and the formation of. the electrode-forming member on 
the electrolyte membrane 12 (step SI 02) are earned out 
at a predetermined temperature, is also appWcatke to 
the nDanufacturing process of the catalyst electrode. 

The following descrft>es the manufacturing-process 
of an electricity-generating layer 10 as a^isecond 
embodiment according to the present invention. Fig. 6 is 
a flowchart showing a typical routine of manufacturing 
the electricity-generating layer 50 of the second embod- 
iment that is a joint body of an electrolyte membrane 52 
and a catalyst electrode 54. Fig. 7 schematically illus- 
trates structure of the electricity-generating layer 50 
manufactured according to the routine of Rg. 6. 

When the program enters the routine of manufac- 
turing the electrk^fty^enerating layer 50, a ,^ste-like in k 
is prepared first at step S200 by d'^persing catalyst-car- 
rying cartx>n C in a solvent In the second embodmerrt. 
a paste-like ink was prepared by mixing 1 g of catalyst- 
carrying cartx>n C with 3 ml of 5 percent by weight of an 
electrolytic solution N and 7 ml of cydohexanol as a sol- 
vent and applying ultrasonic waves so as to make the 
catalyst-carrying cartx>n C homogeneously dspersed. 
The catalyst^anying caibon C and the electrolytic solu- 
tion N used in the second embodimerrt are identical with 
the catalyst-carrying cartxxi C and the electrolytic solu- 
tion N d^cussed in the first enrtxxfiment whereas the 
ultrasonic waves applied in the second embodiment are 
identical with those of the first emtxxiiment. 

At subsequent step ^02, a sheet-tike electrode- 
forming member is formed on the electrolyte membrane 

52 by screen printing the paste-like ink thus obtained. 
The electrolyte membrane 52 of the second embodi- 
ment is composed of the same material as that of the 



electrolyte membrane 12 of the first embodiment. The 
electrode-forming member on the electrolyte mentxane 
52 is then dried at ordinary temperature for one hois at 
step S204. Th^ drying process controls the c^jantity of 

5 the solvent remaining in the electrode-forming merTi>er 
in a suk>sequent process of freeze-drying the electroder 
fbrnvng menrt>er discussed later. The drying time is var- 
ied with the quantity of the solvent used for the prepara- 
tion of the ink. In case that the quantity of the solvent 

10 used for the preparation of the ink coincides with the 
quantity of the solvent favorably remaining in the proc- 
ess of freeze-drying the electrode-forming member, the 
processing of step S204, that is, the drying process at 
ordinary temperature, is not required. 

15 After the adjustment of the quantity of the solvent 
remaining in the eledrode-fonnng member, the elec- 
trode-forming merTt)er on the electrolyte membrane 52 
is placed at a low temperature, which allows freeze of 
the solvent, and the solvent is then dried under vacuum 

20 at step S206. This completes the productk>n of the elec- 
tricity-generating layer 50 including the electrode-form- 
ing member as the catalyst electrode 54 with a plifalrty 
of pores S. Reezing the solvent enables the solvent in 
the electrode-forming merTi>er to act as a pore-forming 

25 agent arxl drying the solvent under reduced pressure 
sublimates the frozen solvent In the second embodi- 
ment, the electrode-forming mennl)er formed on the 
electrolyte membrane 52 was placed in a freeze<fryer, 
and the solvent (cydohexanol) in the electrode-forming 

30 member was frozen at -30°C. The freeze-dryer was 
evacuated with a vacuum pump, and the frozen solvent 
was accorcfingly vaporized and removed. This gave the 
electricity-generating layer 50 including the electrode- 
fbrrrang memt>er as the catalyst electrode 54 with a plu- 

35 rality of pores S. Since the solvent is frozen t>y abrupt 
cooling, the pores S thus formed in the catalyst elec- 
trode 54 have an extrentely small size (0.02 to 0.3 ^m in 
diameter). The shape of the pores S corresponds to the 
shape of the solvent that occupies in the frozen ink. As 

40 illustrated in Fig. 8, each pore S has a three-cBmen- 
sional diversified structure having various cfiameters. 
The dameter and the porosity of the pores S in the cat- 
alyst electrode 54 are determined according to the 
quantity of the solvent remaining in the electrode-form- 

45 ing member immediately t>efore the freeze-drying proc- 
ess and the deg-ee of dispersion of the catalyst- 
carrying cartx>n C. The diameter and the porosity of the 
pores S of the catalyst electrode 54 can thus be control- 
led to desirable values by regulating the degree of cfis- 

50 persk3n of the catalyst-carrying cartx>n C and adjusting 
the quantity of the solvent remaining in the electrode- 
forming member in the process of preparing the ink at 
step ^00 or in the drying process at ordinary tempera- 
ture at step ^04. The tenrperature of freezing the sol- 

55 vent and the degree of evacuation should k>e 
determined depending upon the properties of the sol- 
vent used. 

A curve D in the graph of Rg. 4 represents the per- 
fbnmnce (relationship t>etween the current density arxJ 
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the voHage) of a fuel eel] including the electricity-gener- 
ating layer 50 of the second ^nbodiment thus prepared 
and havir^ the structure shown in Fig. 3. Referring to 
Rg. 4, the fuel ceO inducfing the electricity-generating 
layer 50 of the secorvi emkxidirnent has the perfornrv 
ance equivalent to or t>etter than that of the fuel cell 15 
including the electricity-generating layer 10 of the first 
entxxlinient. Compared with Reference 1 (curve E) and 
Reference 2 (curve F), the fuel cell of the second 
enrtxxliment shows a reniarkable inprovement in per- 
fomnance. 

In the electricity-generating layer 50 of the second 
mrixxJiment discussed above, the catalyst electrode 54 
includes pores S having an extremely smaD size (dianv 
eter) and a three-dimensional diversified structura The 
catalyst electrode 54 accordingly has sufficient gas per- 
meability and electrical conductivity, thereby improving 
the perfbrmance of the resulting fuel celt. 

The manufacturing process of the secorvi embodi- 
ment gives the electricfty-generating layer 50 tfiat is a 
joint txxiy of the catalyst electrode having tfte sufficient 
gas permeability and electrical conductivity and the 
electrolyte membrane having tfie preferable perfornv 
ance substantially unchanged. TTie pores S are formed 
in the catalyst electrode 54 by freez&drying tfie solvent 
Bjnd no specific pae-forming agent is thus required in 
the second embodiment Abrifit cooling to freeze-dry 
the solvent enables the pores S having an extremely 
small size (diameter) and a three-dimensional diversi- 
fied structure to be formed in the catalyst electrode 54. 
Manufacture of the catalyst electrode 54 by freezerdry- 
ing tfie solvent allows the pores S to be formed/4jni- 
formly in the whole catalyst electrode 54. 

AltlKHigh cydohexand is used as the solvent in the 
manufacturing process of the second embodiment any 
other solvent that disperses the catalyst-carrying car- 
bon C and can be freeze-dried. for example, the alco- 
holic solvent dscussed akxsve. may also be applicabia 

In the manufacturing process of the second embod- 
iment shown in Rg. 6, the sheet-like electrode-fbmriing 
member is formed on the electrolyte membrane 52 at 
step S202. The electrode-forming memb^ may, how- 
ever, not be formed on the electrolyte membrane 52. In 
ths case, the catalyst electrode is formed instead of the 
electricity-generating layer. In accordance with a con- 
aete procedure, an electrode-forming member is 
formed on a flat and peelable substanca After the 
quantity of the solvent remaining in the electrodaform- 
ing member is adjusted, the electrode-fbrmir^ member 
is placed at a low temperature, which allows freeze of 
the solvent The solvent is then dried under reduced 
pressure, so as to complete the catalyst electrode. 

The present invention is not restricted to the atxsve 
emtxxiiments or applications, but there may be many 
modifications, changes, and alterations without depart- 
ing from the scope arxi the spirit of the main character- 
istics of the present invention. It should be dearly 
understood ttiat the embocfiments discussed above are 
only illustrative and not restrictive in any sense. The 



scope and spirit of the present invention are limited only 
the terms of the appended claims. 

Claims 

5 

1. A method of manufacturing an electrode for a fuel 
cell, said electrode having a plurality of pores and 
conprising cartx>n partides with a catalyst canied 
thereon, said method compr^ng the steps of: 

10 

(a) preparing an electrode-forming nr>ember 
comprising said cartx)n partides and a pore- 
forming agent that can t>e sublimed; and 

(b) subliming said pore-forming agent by set- 
75 ting said electrode-forming member under a 

predetermined condition. 

2. A m^fKxJ in accordance with daim 1 , wherein said 
step (a) further comprises the steps of: 

20 

(a1) dissolving said pore-fbrming agent into a 
solvent that allows dissdution of said pore- 
forming agent and dispersing said cartx>n par- 
tides in the solvent, so as to prepare a solution 

25 for forming a paste-like electrode; 

(a2) forming the solution prepared in said step 
(a1) into a predetermined shape of said elec- 
trodaferming menft>er; and 
(a3) depositing said pore-forming agent dis- 

30 solved in the solution formed into the predeter- 

mined sfiape in said step (a2). 

3. A m^od in accordance with daim 2, wherein said 
step (a3) further conprises tfie step of: 

35 

drying the solution formed into the predeter- 
mined shape, so as to make concentration of 
said pore-forming agent in the solution ec^ to 
or higher tfian its sdi^Iity. thereby allowing 
40 deposition of said pore-fbrming agent 

4. A metfKXi in accordance with daim 2 or 3, wherein 
said steps (a1) and (a2) are carried out at a prede- 
termined temperature tfmt allows solubility of said 

45 pore-forming agent in the solvent to be equal to or 
higher than a predetermined level. 

5. A mettKXi of manufacturing an electrode for a fuel 
cell, said electrode having a plurality of pores and 

50 comprising cartx>n partides with a catalyst carried 
thereon, said method compr^ng the steps of: 

(a) dispersing said csaton partides in a solvent 
that can be freeze-dried. so as to prepare a 

55 solutfon for forming a pastalike electrode; 

(b) forming the solution prepared in said step 
(a) into a predetermined shape of said elec- 
trode; and 

(c) freeze-drying the solvent of the sdution 
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formed into the predetermined shape in said 
step (b) under a specified condition. 

6. A method of manufacturing an electrode-electrolyte 
membrane joint body for a fuel cell, said electrode- s 
electrolyte membrane joint body being obtained by 
joining an electrode having a plurality of pores and 
comprising csaton particles with a catalyst can'led 
thereon with an electrolyte membrane mainly conr>- 
posed of a polymer electrotyte, said method conv 
prising the steps of: 

(a) preparing an electrode-forming member 
comprising said cartxvi particles arxi a pore- 
forming agent tfiat subGmes under a specified 
condition; 

(b) joining said electrode-forning member pre- 
pared in said step (a) with said electrolyte 
membrane under a certain condition other than 
the specified condition to yield a joint body; and 

(c) subliming said pore-forming agent by set- 
ting said joint txxty of said electrode-formir^g 
member and said electrolyte membrane under 
the specified condition. 

7. A method in accordance with daim 6. wherein said 
step (a) further comprises the steps of: 

(a1) dissolving said pore-forming agent into a 
solvent that allows dissolution of said pore- 
forming agent and dispersing said cartx>n par- 
ticles in the solvent so as to prepare a solution 
for forming a paste-like electrode; 
(a2) forming the solution prepared in said step 
(a1) into a predetermined shape of said elec- 
trode-forming member; and 
(a3) depositing said pore-forming agent dis- 
solved in the solution formed into the predeter- 
mined shape in said step (a2). 

8. A method in accordance with daim 7, wherein said 
step (a3) further comprises the step of: 

drying the solution formed into the predeter- 
nrtined shape, so as to make concentration of 
said pore-forming agent in the solution equal to 
or higher than its solii>Dity, thereby allowing 
deposition of said pore-forming agent. 

9. A method in accordance with daim 7 or 8, wherein 
said steps (a1) and (a2) are carried out at a prede- 
termined temperature that aDcws solubility of said 
pore-fomting agent in the solvent to be equal to or 
higher titan a predetermined level. 

10. A metfKxJ of manufacturing an electrode-electrolyte 
membrane joint body tor a fuel cell, said electrode- 
electrolyte membrane joint body being obtained by 
joining an ^ectrode having a plurality of pores and 



comprising cart)on partides with a catalyst carried 
thereon with an electrolyte membrane mainly com- 
posed of a polymer electrolyte, said method com- 
prising the steps of: 

(a) dispersing said cartxxi partk:les in a solvent 
that can be freeze-dried, so as to prepare a 
solution for forming a paste-like electrode; 

(b) forming the solution prepared in said step 
(a) into a predetermined shape of said elec- 
trode on said electrolyte membrane; arxi 

(c) freeze-drying the solvent by setting the 
solution formed into the predetermined shape 
in said step (b) under a specified corxlition. 

11. An electrode for a fuel cell, said electrode compris- 
ing cartx>n partides with a catalyst canied thereon 
and a space of three<Gmensional diversified struc- 
ture that is made of a plurality of pores having vari- 
ous diameters. 

12. An electrode in accordance with daim 11, wherein 
said pores have diameters rariging from 0.02 to 0.3 
pm. 
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